We consider the spherically symmetric black hole solution of the Randall-Sundrum (RS) model. This asymptotically-Schwarzschild solution was found by Abdolrahimi et al. (ACPY solution) [32] . We investigate the specific properties of the accretion disk around ACPY black hole having astrophysical size and mass. The energy flux and temperature distribution are obtained and compared with the Schwarzschild ones. We also present the spectral energy distribution of the accretion disk around RS black holes, when the transfer function is taken into account. Thus we confirm a full agreement of the accretion rate in RS model with the GR predictions. Using recent data on the high-mass X-ray binary Cygnus X-1 and on the Galactic centre black hole candidate Sgr A* we model the accretion in the RS model.
I. INTRODUCTION
Over the years various observational surveys such as the Automatic Plate Measuring (APM) galaxy survey [1] , Sloan Digital Sky Survey (SDSS) [2] , etc. were carried out for studying galaxies and clusters. These observations demonstrated that almost all the active galactic nuclei or black hole candidates are surrounded by the gas clouds together with associated accretion disks. The sizes of these accretion disks vary from 0.1 to several hundreds parsecs [3] . The most powerful evidence for super massive black holes existence appeares from the Very Long Baseline Interferometry (VLBI). It is imaging molecular H 2 O masers in the active galaxy NGC 4258 [4] . This imaging was produced by Doppler shift measurements assuming Keplerian motion of the masering source. These results allowed a quite accurate estimation of the central mass: a 3.6 × 10 7 M/M ⊙ super massive dark object within 0.13 parsecs. Hence the important astrophysical information can be obtained from the observation of gas streams motion in the gravitational field of compact objects.
Various independent high-precision observational data sets confirm (with startling evidence) that the Universe is undergoing a phase of accelerated expansion [5] . Several ideas ranging from dark energy models to extended theories of gravity (ETGs) [6] [7] [8] were proposed to explain this phenomenon. Specifically ETGs assume that at large scales GR breaks down and the gravitational field is described by a more generic action.
First consequences of the attempts to solve the hierarchy problem were the particle physics modifications around the TeV scale. Therefore the form of gravitational interactions at distances shorter than a millimeter [9] is allowed to be more complicated than usual Newtonian one. In particular such modification could be achieved by introducing of the extra dimensions. In older developments of string theory they were compact [10] . Randall and Sundrum presented a new static classical 5D solution of Einstein equations and showed that extra dimensions do not necessary need to be compact.
Two possible applications of this solution were proposed [11, 12] . In the first case (which we refer to as RSI) there are two branes with non-vanishing tensions placed at the orbifold fixed points [11] . Our Universe lives on the brane with negative tension ("the visible brane"). All the matter describing by three fundamental interactions (strong, weak and electro-magnetic) is localized on this brane. However gravity is able to propagate, in addition, along the 5th dimension into the bulk. The exponential warp factor appearing in the RSI model leads to a new natural solution of the hierarchy problem [11] . In the second (RSII) proposal [12] the visible brane has the positive tension while the second brane is moved to the infinity. Such topology provides an exciting example of a noncompact extra direction, which nevertheless correctly reproduces Newton's law on the visible brane. However the hierarchy problem is not completely solved in this particular case. RSII model needs an appropriately tuned value of the tension on the brane. Such delicate adjustment is equivalent to the cosmological constant problem. The brane tension and bulk cosmological constant define the shape of the bound state graviton mode. In addition to the bound state one, there is a continuum of the Kaluza-Klein modes. These states have weak coupling to low-energy states on the brane, but are essential for the consistency of the full theory of gravity and would couple strongly to Planck-energy brane processes [12] .
The mass accretion on rotating black holes in stationary axisymmetric spacetimes in the frames of GR was studied in details long ago [13] [14] [15] [16] [17] . The radiation emitted by the accretion disk surface is studied under the assumption of thermodynamical equilibrium of the disk.
That is why black body radiation is a good approximation in this case [18] . So there is a possibility to test the RS model using astrophysical observations of the emission spectra from accretion disks. The purpose of the present paper is to study the properties of a thin accretion disk around an RSII black hole and carry out an analysis of the radiation emerging from the surface of the disk.
The paper is organized as follows. In Sec. II we review the formalism and the physical properties of the thin disk accretion onto compact objects for stationary axisymmetric spacetimes. In Sec. III we analyze the basic properties of matter forming a thin accretion disk around large black holes in the RSII model. We discuss and conclude our results in Sec. IV. Throughout this work we use a system of units so that c = G = = k B = 1, where k B is Boltzmann's constants.
II. ACCRETION DISK
The description of accretion process onto black holes was developed in details by Bardeen and Press [13] , Novikov and Thorne [14] , Shakura and Sunyaev [15] [16] [17] , Page and Thorne [18] . The particles constituting the accretion disk are assumed to move in circular orbits in the frames of GR. The physical properties and the electromagnetic radiation characteristics of these particles are determined by the geometry of the spacetime around the compact object. For a stationary and axially symmetric geometry the metric is given in a general form as
In the present work we consider a thin disk accretion, therefore the equatorial approximation is used. The metric components g tt , g tφ , g rr , g θθ and g φφ depend on the radial coordinate r only, and |θ − π/2| ≪ 1.
To compute the relevant physical quantities of thin accretion disks we determine the radial dependence of the specific angular velocity Ω, the specific energyẼ and the specific angular momentumL of particles [19, 20] :
The marginally stable orbit around the central object is given by
where g 2 tφ − g tt g φφ (appearing as a cofactor in the metric determinant) never vanishes. Inserting (2) into (3) and solving the obtained equation for r, we find the radii of the marginally stable orbits, once the metric coefficients g tt , g tφ and g φφ are explicitly given.
For a thin accretion disk its vertical size is assumed negligible compared to its horizontal extension. So the disk height H, defined by the maximum of half disk thickness, is always much smaller than the characteristic radius r of the disk, H ≪ r. The thin disk has an inner edge at the marginally stable orbit of the compact object potential, and the accreting plasma has a Keplerian motion in higher orbits.
In steady-state accretion disk models the mass accretion rateṀ 0 is assumed to be a constant in time. This quantity measures the rate at which the rest mass of the particles flow inward through the disk. The radiation flux F emitted by the surface of the accretion disk can be derived from the conservation equations for the mass, energy and angular momentum respectively. Then the radiant energy F (r) over the disk is expressed in terms of the specific energy, angular momentum and the angular velocity of the particles orbiting in the disk [14, [18] [19] [20] :
where r ms is the marginally stable orbit obtained from (3) . The other characteristic of the accretion process is conversion efficiency. This value indicates how fast the central object converts the rest mass into the outgoing radiation. The efficiency is defined as the ratio of the rate of the radiation energy of photons, escaping from the disk surface to infinity, and the rate at which mass-energy is transported to the central compact object. Both values are measured at the infinity [14, 18] . If all the emitted photons can escape to infinity, the efficiency is given in terms of the specific energy measured at the marginally stable orbit r ms :
For Schwarzschild black holes the efficiency ε is about 6%, whether the photon capture by the black hole is considered or not. The accreting matter in the steady-state thin disk is supposed to be in thermodynamical equilibrium. Therefore the radiation emitted by a disk surface could be considered as a perfect black body radiation. Thus the energy flux is given by F (r) = σT 4 (r), where σ is the Stefan-Boltzmann constant. The observed luminosity L(ν) has a redshifted black body spectrum [21] :
where d is the distance to the source, I(ν) is the thermal energy flux radiated by the disk (Planck distribution [20] , we expect the flux over the disk surface to vanish at r → ∞ for any kind of general relativistic compact object geometry. Therefore we take r i = r ms and r f → ∞. The emitted frequency is given by ν e = ν(1+z), and the transfer function (redshift factor) can be written as [20] 1 + z = 1 + Ωr sin ϕ sin γ
where the light bending is neglected [22] .
In the next sections we will calculate the energy flux, temperature and luminosity of the accretion disk around Schwarzschild and RSII black holes. We adopt the following values for the two fundamental mass classes: M = 14.8M ⊙ ,Ṁ 0 = 7.484 × 10 −7 M/M ⊙ , which are the best estimates available for the well-known stellar-mass black hole Cygnus-X1 [23, 24] , and M = 4 × 10 6 M ⊙ , M 0 = 3 × 10 −5 M/M ⊙ for the Galactic centre black hole candidate Sgr A* [25] [26] [27] .
III. RANDALL-SUNDRUM BLACK HOLES A. ACPY solution
Several black hole solutions in RS model were presented in [28] . However for a long time it was argued that stable static black hole solutions were applicable for RSII. Some obtained solutions had a horizon radius not greater than the AdS length ℓ [29] . Some authors [30] proposed that stable RSII black holes could not exist at all. Obviously, such an argument serves an extremely strong evidence against the viability of the RSII model.
Nevertheless new solutions for large stable black holes were found recently [31, 32] . The one obtained by Abdolrahimi, Cattoën, Page and Yaghoobpour-Tari (ACPY solution) [32] is especially interesting. It represents a spherically symmetric static and asymptotically Schwarzschild black hole solution. ACPY solution was found using an explicit approximate metric for the black holes on the brane. Abdolrahimi et al. have constructed an infinite mass axisymmetric 5D black hole solution of the bulk Einstein equation. This black hole solution with infinite mass was used to find the metric of a large RandallSundrum II black hole on the brane [32] . We refer the reader to [32] for details and present the final metric given by
where Λ 5 is the 5D cosmological constant characterizing the vacuum's model qualities and F is a numerically found 11th-order polinom given by
with the normalized mean-square error J F ≈ 0.0000572. In our previous work [33] we considered the weak field limit for the RSII black hole solutions by Figueras and Wiseman [31] and by Abdolrahimi et al. [32] . We showed the good agreement with GR in PPN limit for both solutions. Now we compare the accretion properties of the ACPY solution with the standard Schwarzschild metric case.
B. Integration Constants and Conversion Efficiency
Inserting the metric components of (8) into the expressions (2) of the specific energy, specific angular momentum and the angular velocity, we obtaiñ
As (10) shows, the motion constants for the particles orbiting in the equatorial plane depend on radial coordinate r only. The non-vanishing function F gives a negligible contribution to the volume element
as compared to the case of the equatorial approximation for Schwarzschild black holes with √ −g GR = r 2 . As a result, the properties of particles orbiting in the equatorial plane of Schwarzschild and RSII black holes are essentially the same. The main difference is the location of the marginally stable orbits (FIG. 1) , and the accretion efficiency ε, (FIG. 2) . However these quantities are affected by the bulk cosmological constant Λ 5 −10 constant. The difference of the ACPY flux maximum from the Schwarzschild achieves ∼ 10 3 times for stellar black holes and ∼ 10 2 for supermassive ones. Similar features can be found while plotting the temperature profiles of the disk (FIG. 4) . As the accretion disk moves off from the ACPY black hole while increasing the bulk cosmological value Λ 5 , the temperature gets lower in ∼ 2.5 times for stellar black holes and ∼ 3 for supermassive ones. However the differences here are less than for the energy flux, since the temperature is proportional to However all these differences occur at very specific values of bulk cosmological constant Λ 5 . Generally the radiation of the accretion disk around ACPY black holes produces the spectra similar to the standard Schwarzschild case. Therefore the ACPY solution has a full agreement with GR in the matter of accretion. 
IV. CONCLUSIONS
In the present work we consider the matter forming a thin accretion disk in stationary axisymmetric black hole spacetime within the RSII model. We took into account the black holes of two mass ranges. Cgn X-1 with M = 14.8M ⊙ was taken as the example of the black hole with stellar mass. Sgr A* with M = 4 × 10 6 M ⊙ was used as the example of the supermassive black hole.
The main physical parameters of the disk are the energy flux distribution, the temperature distribution and emission spectrum. These quantites and the additional ones such as the radii of the marginally stable orbits and the conversion efficiency, were explicitly obtained for the astrophysical-range black holes solution in RSII by Abdolrahimi, Cattoën, Page and Yaghoobpour-Tari with different values of the bulk cosmological constant Λ 5 . This solution appears to be asymptotically Schwarzschild up to very small modulo values of the bulk cosmological constant Λ 5 . The notable differences from the Schwarzschild case in the accretion disk properties appear at least for Λ > −10 −12 . However the ACPY black hole solution was constructed for a bulk cosmological constant Λ 5 = −6 in the units of the curvature length scale of the negatively curved five-dimensional AdS spacetime (AdS length). That means that in the range of definition of the ACPY solution shows a very good consistency both with the GR predictions and the results of observations. Abdolrahimi et al. have made an important step proving the existence of black holes of astrophysical scales within the RSII model [32] . Our results presented in this paper confirm the reliability of their solution. Together with our previous conclusions on the weak-field (PPN) limit [33] they are a strong argument in favor of the ACPY solution and therefore in favor of the RSII model as a whole.
